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e At the openct 


level, NASA is sharpening the focus on Human 
Space Flight 


HSF) Exploration Beyond Low Earth Orbit 


¢ NASA wants to ensure that HSF technologies are ready to take 
Humans to Mars in the 2030s. 


¢ NASA uses Mission - Discipline Roadmaps to define and 
prioritize needed technologies 


¢ Human Space Flight Goal: Get within 8 years of launching 
humans to Mars 73) by 2025 
¢ Develop and Mature the technologies and systems needed 
¢ Develop and Mature the personnel needed 


Crew and Thermal Systems: Enable a way to Isaunch safe, 
stable, chemically inert water, and convert the water as it is 
needed into: 1) breathing oxygen, 2) space suit oxygen, 3) 
emergency medical oxygen 


This Talk: Describes one key technology that may provide 


space sult grade oxygen — and seeks collaborators to help 
develop this technology 


Life Support 

Active Thermal Control 
EVA 

Habitation Systems 


Human System Interfaces 

Wireless & Communication Systems 
Command & Data Handling 
Radiation & EEE Parts 


Lightweight Habitable Spacecraft 
Entry, Descent, & Landing 
Autonomous Rendezvous & Docking 
Vehicle Environments 
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Integrated 


Systems & 
> Projects 


AA-2 | iPAS | HESTIA | Morpheus 
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Entry, Descent, & Landing 
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Deep Space GN&C 


Reliable Pyrotechnics 

Integrated Propulsion, Power, & ISRU 
Energy Storage & Distribution 
Breakthrough Power & Propulsion 


Crew Exercise 
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Software 
Robotics 


Crew and Thermal Systems Lanes @ are liarexee 
Oxygen for Human Explorat 
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The Problem 


Solid Oxide Electrochemical Oxygen Separation 


Tame maleneciarsiip 


Attributes: 
¢ O, production rate: 2 lpm 


Teamcy tance ° O, delivery pressure: 200 psig 
| | * O, purity: >99.99% 
| ¢ Power use: 4/0 Watts 
iS arenas Wl ¢ Heater Power: 200 Watts 
ae Boast ln 20 wats 
Insulation ¢ Operating Temp: 700 C 


¢ Number of moving parts: 1 
¢ Process air fan 
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Oxide Conversion of CO, to Oxygen on Mars Bax 
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ENGINEERING 


MOXIE 


The Mars Oxygen In-situ resource utilization Experiment (MOXIE) will ingest 
the toxic Martian air and produce breathable oxygen from the carbon dioxide 
it contains. This is a proof-of-concept device, pointing the way for future 
astronauts’ life-support systems on Mars. 
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Ar/N, Purge 
Dust Imager 


Electronics 


Heat transfer from 
electronics to RAMP 


Heat transfe 
(w/ K-core strap) —> : J 


. from SOXE to RAMP 
CO Accumulator eA SOXE 
Pump : 


0A lat 
esrealteroe 100 cc buffer tanks 


Cryocooler 


CO, 
Condenser 


K-core heat : 
Strap to housing Cryocooler P sensor. 


30-printed mode! of the pralimvinary MONE payload image credit: NASA's Jet Propwision Laboratory. 


z Colanlaalelaliayme) mee) i t-lele)e-inel ace 74) 
“Solid Oxide Fuel Cells — clean energy for home/business LD. 


JSC Engineering: HSF Exploration Systems Development /, 


How Does the Bloom Energy Server Fuel Cell Work? 
Fuel Passes Over the Anode Oxygen lons React with Fuel in Fuel Coll Reaction Produces Electricity 
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Alr Passes Ovor the Cathode 


Coyanlaalelaliay mem ee) i t-lele)e-inelace (cy) 
Oxygen Concentrators for Global Health 
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= 450 Watts 


» Weare searching for collaborators 
@ 


Our group at NASA-JSC is actively searching for collaborators to 


help NASA build the technology for Human Exploration, and to 
ie collaborators adopt this technology for clean energy and 
global health applications 
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If you have skills/interest in: 
Ceramics 
High Temperature Ovens 
Thermal Modelling 
Insulation 
Solar Energy Systems 
Global Health Initiatives 
Electrochemistry 


We would like to collaborate 


John Graf, P.E., Ph.D. NASA Johnson Space Center 
john.c.graf@nasa.gov 


